Bombesin is an amphibian tetradecapeptide whose mammalian homologue, gastrin-releasing peptide (GRP) 
INTRODUCTION
Bombesin is a peptide originally isolated from amphibian skin on the basis of its ability to act as a secretagogue for several mammalian hormones, including gastrin [1] . Gastrin-releasing peptide (GRP) is a bombesin-like peptide found in mammalian central nervous system, gut, fetal and injured lung, and in smallcell lung cancer (SCLC) [2] [3] [4] . Bombesin and GRP share nine of ten C-terminal amino acids and bind to the same cell-surface receptor [5] . In addition to clearly defined roles as secretagogues and neuropeptides, these peptides are mitogenic for Swiss 3T3 cells [6] and normal bronchial epithelial cells [7] . Since some SCLC cell lines produce bombesin-like peptides and respond to them by growth in soft agar or nude-mouse heterotransplants [8, 9] , bombesin-like peptides may have an autocrine role in promoting the growth of SCLC.
Bombesin-activated signal-transduction events have been extensively studied in Swiss 3T3 cells, where it has been shown that bombesin induces phosphatidylinositol (Ptdlns) turnover [10] , protein kinase C and tyrosine kinase [11, 12] activation, Na+/H' antiport activity, increased cytoplasmic free Ca2"([Ca2+]i) [13, 14] , and pertussis toxin (PT)-sensitive [15] and phorbol estersensitive [16] [17] [18] [19] [20] proto-oncogene activation in quiescent cells. Since the relevance of these phenomena to SCLC has not been established, and is of interest in designing therapeutic strategies in this disease, this detailed study of intracellular signals evoked by bombesin congeners has been conducted in NCI-H345, a SCLC cell line that has receptors for bombesin-like peptides [21] , expresses the human prepro-GRP gene, contains bombesin-like immunoreactivity [3, 4] , and responds to exogenous bombesin with increased [Ca2+]i and increased cloning efficiency in soft agar [9, 22] . EXPERIMENTAL 
Reagents
[Tyr4]bombesin, GRP, GRP-(20-27)-peptide and GRP-( 1-6)-peptide were from Peninsula (Belmont, CA, U.S.A.). Quin2, phorbol 12-myristate 13- (1, 3, 4) P3] were prepared and characterized as described in ref. [23] .
Assay of inositol phosphates
The SCLC cell line NCI-H345 was maintained in culture as described previously [22] . Cells were labelled for 48-96 h in RPMI 1640 without inositol plus 30 nMsodium selenite, 5 ,tg of insulin/ml, 10 ,ug of transferrin/ ml and 0.02 M-Hepes (R-SIT-H) with 4-5 ,Ci of myo-[3H]inositol (16.3 Ci/mmol; Amersham)/ml. For determination of inositol phosphates after incubation with hormone for 30 min, cells were washed in RPMI 1640 without inositol plus 0.02 M-Hepes (R-H) and incubated for 60 min at 37°C in R-H or R-SIT-H as indicated in the Figure legends. Cell suspensions (-1 mg of protein) in 1 ml of the same medium were incubated with 0.01 M-LiCl for 15 min before addition of bombesin congeners to amplify accumulation ofinositol phosphates as described by Berridge et al. [24] . The cells were collected by centrifugation at 10000 g for 12 s and lysed in 50 trichloroacetic acid, which was removed by ether extraction before chromatography.
For assay of inositol phosphates after short periods of incubation (< 1 min), cells were resuspended in Hepesbuffered saline (145 mM-NaCl, 5 mM-KCI, 1 mM-CaCl2, 1 mM-MgCl2, 5 mM-dextrose, 20 mM-Hepes, pH 7.4) also containing 0.01 M-LiCl. Bombesin congeners were added to 0.4 ml of this cell suspension (-0.7 mg of protein), and the cells were incubated at 37°C, followed by addition of 0.04 ml of 1000 trichloroacetic acid directly to the suspension.
H.p.l.c. utilized a modification ofsystems described previously [23] . A Whatman SAX column (10 cm x 0.45 cm) was eluted with a gradient of ammonium phosphate, pH 3.8, at a flow rate of 1 ml/min. The gradient used was from 0.01 M-(buffer A) to 1.4 M-(buffer B) ammonium phosphate, as follows: 2 min 1000 buffer A, a 13 min linear gradient to 100 B, a 10 min gradient from 100 to 450 B, a 10 min gradient from 450 to 600 B, and a 6 min gradient to 1000 B, followed by 9 min of elution at 1000% B. Radioactivity was measured by use of a Raytest radiodetector with a 2 ml flow cell and a ratio of 4:1 (v/v) Tru-count High Salt scintillant: eluate at an efficiency of 17 0. The retention times of radiolabelled standards are shown by arrows in the 'control' chromatogram of Fig. 1 .
For the experiments in Fig. 4 , the separation was performed with an ammonium phosphate gradient from 0.5 M (buffer A') to 1.9 M (buffer B'), pH 3 [25] as described previously [22] .
ADP-ribosylation by bacterial toxins
Cells were treated with cholera or pertussis toxin for up to 24 h, washed once with 0.15 M-NaCl/0.015 Msodium phosphate, and resuspended in 0.01 M-Tris/ 0.1 mM-EDTA, pH 7.4. After swelling for 10 min at 4°C, the cells were homogenized with 40-60 strokes of a Teflon/glass homogenizer. Unbroken cells were removed by centrifugation for 10 min at 500 g, and the supernatant sedimented at 100000 g at 4°C for 30 min. The sedimented membranes were washed once in 5 mM-Hepes, and 50,g of membrane protein was treated with dithiothreitol-activated CT (40 ,g/ml) or PT (10 ,ug/ml) and [32P]NAD' (New England Nuclear), essentially as described by Martin et al. [26] , except that MgCl2 was omitted and reactions were for 30 min at 32°C, followed by SDS/polyacrylamide-gel electrophoresis and autoradiography of the acid-fixed dried gel. (Fig. 6a) . However, Fig. 7 shows that this pretreatment does not completely protect the predominant 39 kDa PT substrate in these cells from subsequent ADP-ribosylation by pre-activated PT.
RESULTS
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DISCUSSION
The autocrine model of tumour growth [29] (Fig. 3) . This is in contrast with the rapid increase in InsP4 observed in Swiss 3T3 cells (elevated by 30 s after agonist addition, with decline to less than basal values by 5 min [10] ). SCLC, in contrast, show sustained increases in InsP4 at 30 min after treatment in the presence of Li' (Figs. 1 and 5b) . Recent studies have documented the existence of novel InsP4 isomers which either do not change or show only delayed change with agonist stimulation [30, 31] . Prominent basal concentrations of these isomers in SCLC could mask increases in Ins (1, 3, 4, 5) P4 at early times after agonist stimulation by using the methods employed here. Ins (1, 3, 4, 5) P4 has been proposed as a determinant of plasma-membrane Ca2" permeability [32] , although potential second-messenger roles for other InsP4 isomers are of importance to define. Increased concentrations of InsP4 after bombesin stimulation may mediate a tonic action of the hormone.
The response of the bombesin-stimulated secondmessenger systems in SCLC to short-term pretreatment with active phorbol esters is consistent with studies in Swiss 3T3 cells examining 45Ca2" flux [17, 18] and Ptdlns turnover [17] in showing markedly decreased responsiveness to bombesin after short-term phorbol ester pretreatment. Since this effect is eliminated by treatments designed to decrease protein kinase C, responsiveness of SCLC to bombesin peptides may be regulated by the degree to which protein kinase C is activated. In this regard, it is noteworthy that prolonged phorbol ester treatment results in higher basal concentrations of InsP4 (Fig. 5b) . This could result from decreased inositol-5'-phosphomonoesterase activity in protein kinase Cdepleted cells as compared with cells not pretreated for long periods with the phorbol ester [33] .
Much interest has been stimulated by reports which link guanine nucleotide-binding (G-)proteins [34] to hormonal activation of phospholipase C by agonists [35, 36] . Evidence to support this link is the sensitivity of the signal transduction processes in question to PT or CT. These bacterial toxins specifically modify G-proteins, with concomitant alteration of function. Indeed, bombesin-mediated stimulation of c-myc transcription [15] and DNA synthesis [15, 37] in 3T3 cells is inhibited by short periods of pretreatment with 10-100 ng of PT/ml. PT does not affect Ca2" mobilization by bombesin in Swiss 3T3 cells [37, 38] and does not affect at all [37] or inhibits by less than 30 % [39] Ptdlns turnover induced by the hormone. Concurrent treatment with insulin eliminates the effect of PT on bombesin-stimulated DNA synthesis [37] .
In NCI-H345 cells, CT ADP-ribosylates membrane proteins with approximate molecular masses of 52 and 45 kDa, suggesting the CT-catalysed ADP-ribosylation of both types of a subunits of G. described by Robishaw et al. [40] , which may be derived from at least four species of Gs mRNA [41] . After 24 h of pretreatment of intact cells with CT, there has been virtually complete titration of CT-reactive sites (Fig. 7) . Analogous PT pretreatment of NCI-H345 cells only partially protects an approx. 39 kDa species from subsequent modification in vitro by the toxin, in contrast with 3T3 cells [38] , where protection is complete. This entity is expected to represent a mixture of G. [34] , any of the three known isoforms of GU [42,43], or as yet uncharacterized G-proteins in SCLC.
Since in NCI-H345 cells there is only partial inhibition of bombesin-induced signal transduction (Fig. 6) , at concentrations of PT and durations of treatment approx. 10-fold greater than that employed by others in 3T3 cells [15, 34] , the participation of a PT-sensitive G-protein in bombesin-induced signalling in SCLC is not clear. Certainly, this is distinct from the inhibition of Ca2" flux by PT observed in chemoattractant-stimulated polymorphonuclear leucocytes [44] , or the substantial effect of PT on the inhibition by somatostatin of vasoactiveintestinal-peptide-stimulated secretion in pituitary cells [45] .
In contrast, there is clear evidence of altered bombesininduced signal transduction after CT treatment of NCI-H345 cells in a way not previously described for 3T3 cells (Fig. 6 ). CT is a mitogen for Swiss 3T3 cells [46] , and does not inhibit bombesin-induced c-myc or c-fos induction in these cells [19] . Interruption of agonistinduced signal-transduction events by CT has been described recently in anti-antigen-receptor-complextreated T-cells [47] and endothelial-cell-growth-factortreated aorta-derived cells [48] . Three potential mechanisms can explain the effect of CT to interrupt bombesinrelated signals in SCLC.
Since CT is known to stimulate adenylate cyclase [34] after ADP-ribosylation of G. Indeed, effects of CT pretreatment on precursor lipid synthesis have been described in other systems [50, 51] , although this effect is cell-type and potentially agonistspecific [52] . Finally, modification by CT of a G-protein which is a transducer of hormone-stimulated phospholipase C [34] [35] [36] or which regulates an agonist-sensitive ion channel could modulate responsiveness of NCI-H345 cells to exogenous bombesin agonists or endogenous GRP. The last possibility is of particular interest, in view of the recent demonstration that Gs can modulate the activity of a Ca2" channel in heart in a CT-sensitive manner [53] . The results in the present paper indicate that, in a cell line which produces GRP as a putative autocrine growth factor, the hormone also induces rapid activation of phospholipase C. This activity results, in the presence of Li+, in sustained Ins4P, InslP and InsP4 accumulation in addition to initial increases in Ins(1,4,5)P3 associated with Ca2" mobilization. These processes are regulated in part by protein kinase C, and prominently by a CTsensitive process. PT inhibits this process to a considerably less marked extent. Because NCI-H345 and other SCLC cells can both produce and, as shown in the experiments presented here, respond to bombesin with well-defined biochemical effects, they provide a unique system in which to study the modulation of responsiveness to an autocrine growth factor.
